Introduction
============

Benign lymphoepithelial lesion (BLEL), also termed Mikulicz disease, is a systemic inflammatory disease of unknown origin. It is characterized by bilateral and persistent enlargement of lacrimal and salivary glands caused by infiltration of immunoglobulin (Ig)G4-positive plasma cells in the gland tissues ([@b1-mmr-17-02-2177],[@b2-mmr-17-02-2177]). Initially assumed to be Sjögren\'s syndrome due to their histopathological similarities, Mikulicz disease has been established as a novel clinical entity. As a result of the elevated IgG4 concentration in serum in addition to the tumor-like swelling of involved organs and their variable degrees of fibrosis, Mikulicz disease has been included among the IgG4-associated diseases and recognized as immune-mediated conditions (1^−3^).

A number of cases and types of lymphoma have been reported in patients with BLEL however it is difficult to estimate the exact rate of lymphoma occurrence because of the low prevalence of malignant transformation. Nevertheless, a rate of 10.4% (11/106 patients) of malignancies was observed by Yamamoto *et al* ([@b4-mmr-17-02-2177]) in 2012, 12% (2/17) by Sato *et al* ([@b5-mmr-17-02-2177]) in 2008, and 14.3% (2/14) by Go *et al* ([@b6-mmr-17-02-2177]) in 2012. Additionally, increasing numbers of studies highlighting evidence of malignant lymphoma among patients with Mikulicz disease and IgG4-associated disorders are accumulating. In 1971, Azzopardi *et al* ([@b7-mmr-17-02-2177]) reported on five patients who exhibited signs of Mikulicz disease and malignant lymphoma at the same site; years later, three cases of possible malignant transformation of BLEL in human immunodeficiency virus-infected patients were reported ([@b8-mmr-17-02-2177]); three other cases of malignant lymphoma, which arose in the parotid and the lacrimal glands of patients with BLEL, were reported by Sato *et al* ([@b9-mmr-17-02-2177]) in 2002. More recently, marginal zone B cell lymphoma-mimicking IgG4-associated dacryoadenitis and sialoadenitis ([@b10-mmr-17-02-2177]), or ocular adnexal marginal zone lymphomas arising from association with IgG4-associated disease, were reported ([@b11-mmr-17-02-2177]). All these observations suggested that patients with BLEL, in addition to people suffering from IgG4-associated disease, exhibit a markedly increased risk for developing malignant lymphoma. Although, the risk of malignancy had been highlighted in BLEL and IgG4-associated disorders, the mechanisms underlying this malignant transformation remain unknown. The present study aimed to identify the molecular mechanisms, which may be involved in this malignant transformation by analyzing gene expression profiles between the two conditions.

Materials and methods
=====================

### Sampling and microarray data processing

Following signed consent being obtained from all patients, tissue biopsies were obtained at Beijing Tongren Hospital between December 2011 and April 2012 from an adult population (36^−78^ years old, with a male:female ratio of 1:1.25) with the approval of the Local Ethics Committee of Beijing Tongren Hospital, Capital Medical University (Beijing, China). Biopsies of 14 fresh orbital tissues of malignant lymphoepithelial lesions (MLELs) composed of malignant B lymphoma patients (nine mucosa-associated lymphoid tissue B lymphomas, two large B lymphomas and three other B lymphomas) and 13 orbital tissues from patients with BLEL were subjected to Phalanx Human OneArray^®^ Gene Expression Profiling (Phalanx Biotech Group, Hsinchu, Taiwan), according to the manufacturer\'s protocol. All the data were analyzed in duplicate. Following this, a robust multi-array average algorithm in the Affy package ([Bioconductor; bioconductor.org/packages/release/bioc/html/affy.html](Bioconductor; bioconductor.org/packages/release/bioc/html/affy.html)) was used with R software (R version 3.3.0; [www.r-project.org](www.r-project.org)) for background correction, quantile normalization, and for summarization of the expression measure for each probe set in each array.

### Identification and clustering of differentially expressed genes (DEGs)

A linear model for microarray data analysis provided by Bioconductor was fitted to the obtained gene expression matrix, which was used to identify the DEGs between BLEL and MLEL. The Benjamini-Hochberg procedure for multiple testing correction was used to control the false discovery rate (FDR) and significant DEGs were selected with \|log2FC\|\>1 and FDR\<0.01. Clustering analysis and heatmap creation for the DEGs were performed using dChip software version 2011.01 ([@b12-mmr-17-02-2177],[@b13-mmr-17-02-2177]).

### Protein-protein interaction (PPI) network construction for the DEGs

In living cells, molecular and biological processes are regulated by PPIs. PPIs are useful resources to identify novel pathways in order to gain a basic knowledge of diseases. Therefore, PPI were assessed for down- and upregulated DEGs with the online Search Tool for the Retrieval of Interacting Genes platform (version 10.0; <https://string-db.org/>). The highest confidence score ≥0.9 was used to predict links between proteins involved in the network and visualization of the interaction network was performed using Cytoscape (Cytoscape version 3.4.0; <http://www.cytoscape.org/>).

### Functional annotation and pathway enrichment

Gene ontology (GO) functional annotation for biological process and the Kyoto Encyclopedia of Genes and Genomes (KEGG) pathways enrichment for the DEGs between MLEL and BLEL were performed using version 6.8 of the Database for Annotation, Visualization and Integrated Discovery (DAVID) online platform; <https://david.ncifcrf.gov/>. The Benjamini-Hochberg procedure for multiple testing correction was used to control the FDR. Significantly enriched GO terms and KEGG pathways were selected with an FDR\<0.05.

### Statistical analysis

Quantitative data were analyzed using GraphPad Prism v.5 (GraphPad Software, Inc., La Jolla, CA, USA) and are plotted as the mean ± standard error of the mean. For group comparisons, one-way analysis of variance with Bonferroni\'s multiple comparison test was used. P\<0.05 was considered to indicate a statistically significant difference.

Results
=======

### Differential gene expression and expression pattern between BLEL and MLEL

Gene expression profiling between BLEL (n=13) and MLEL (n=14) biopsy tissues were performed for a total of 20,138 genes, and significant DEGs between the BLEL group and MLEL group were selected with \|log2FC\|\>1 and FDR\<0.01. A total of 1,002 genes (4.98%) were identified to be differentially expressed. Compared with the MLEL samples, 364 genes were downregulated and 638 genes upregulated in the BLEL group.

The results of the DEG visualization and selection, and the hierarchical clustering of the DEGs between the BLEL and MLEL groups, are exhibited for each replicate in [Fig. 1](#f1-mmr-17-02-2177){ref-type="fig"}.

### PPI network analysis of the DEGs

The analysis of the PPIs for up- and downregulated DEGs with a confidence score ≥0.9 revealed that 62 proteins from the downregulated DEGs in the BLEL samples were engaged in the PPI networks, with a total of 91 interactions ([Fig. 2](#f2-mmr-17-02-2177){ref-type="fig"}). For the upregulated DEGs, 216 interactions were observed among the 156 proteins implicated in the PPI network ([Fig. 3](#f3-mmr-17-02-2177){ref-type="fig"}).

### Functional annotation of DEGs in the PPI network

The downregulated DEGs in the BLEL group compared with the MLEL group were primarily increased in biological processes associated with immune signaling functions, including signal transduction, B cell activation and differentiation, response to stimulus and immune system process, while the upregulated DEGs were primarily associated with development-associated signaling processes, including cells and cellular components movement, response to stimulus, gland and tissues development, biological adhesion and cell migration ([Tables I](#tI-mmr-17-02-2177){ref-type="table"} and [II](#tII-mmr-17-02-2177){ref-type="table"}).

### Pathway enrichment of the DEGs in the PPI networks

KEGG pathways enrichment for the DEGs in the PPI network was performed using the online functional annotation tool DAVID. With a significant cut-off fixed at FDR\<0.05, six KEGG pathways were significantly enriched for the downregulated DEGs and three for the upregulated DEGs ([Table III](#tIII-mmr-17-02-2177){ref-type="table"}). The downregulated DEGs in BLEL were associated with the B cell receptor (BCR) signaling pathway, transcription factor p65 signaling pathway, low affinity immunoglobulin γ Fc region receptor II-mediated phagocytosis, high affinity immunoglobulin ε receptor subunit γ signaling pathway, Epstein-Barr virus infection pathway and pathways in cancer. Glutathione metabolism, salivary secretion and the mineral absorption pathway were the only notable pathways associated with the upregulated DEGs. A map of the DEGs with the KEGG pathways for the BCR signaling pathway and pathways in cancer are exhibited in [Figs. 4](#f4-mmr-17-02-2177){ref-type="fig"} and [5](#f5-mmr-17-02-2177){ref-type="fig"}, respectively.

### Prediction tools for the occurrence of malignancy in BLEL

In order to identify genes that could be used to predict malignant transformation in BLEL, the expression of the DEGs implicated in the pathways of cancer were compared to the expression in a control group composed of cavernous hemangioma samples. No significant difference in expression was observed for Wnt3, Wnt6, PLCG2, RASGRP2, Bcl^−2^, Bax, TRAF5 and COL4A3 between the control group and the BLEL group; however, the expression was significantly increased in the tissues of the malignant group (P\<0.01; [Fig. 6](#f6-mmr-17-02-2177){ref-type="fig"}).

Discussion
==========

For decades, gene expression profiling was widely used to highlight the underlying transcriptional programs and molecular mechanisms between normal and malignant conditions. It was used for class discovery and prediction, or for prediction of molecular markers, and for evaluation of the response to therapeutic compounds (14^−19^). In the present study, microarray-based gene expression profiling was utilized to identify genes and pathways which may be associated with the occurrence of malignant lymphoma in BLEL. Comparing the expression profiles of 20,138 genes between BLEL and MLEL, 1,002 (4.98%) DEGs were identified, among which 364 were downregulated and 638 upregulated in BLEL. In organisms, proteins interactions determine biological, molecular and cellular mechanisms which trigger the onset and progression of diseases ([@b20-mmr-17-02-2177]); consequently, subsequent to the PPI analysis, the DEGs involved in this PPI network were used for functional enrichment of biological functions and for pathways analysis. The upregulated DEGs in the PPI network were mainly associated with the developmental processes of glands, tissues and organs, while the downregulated DEGs were associated with immune-associated signaling processes, confirming the implication of inflammation in the malignant occurrence as previously described ([@b21-mmr-17-02-2177]). Pathway analysis identified BCR signaling and glutathione metabolism as the most enriched pathways involving down- and upregulated DEGs, respectively, in BLEL.

Although BCR signaling is important in B-cell activation and proliferation, evidence indicates that alterations to its signalosome components may directly or indirectly contribute to lymphomagenesis ([@b22-mmr-17-02-2177],[@b23-mmr-17-02-2177]). Cluster of differentiation (CD) 79B overexpression was reported to induce protein kinase/mitogen-activated protein kinase 1 activation ([@b24-mmr-17-02-2177]), decreased sensitivity to apoptosis in normal and B cell malignancies ([@b25-mmr-17-02-2177]), and may promote lymphoma cell proliferation, while deregulation of the expression of CD19, a co-stimulator of BCR, may accelerate malignant transformation and/or disease severity (26^−28^). Additionally, emerging data from clinical trials indicates that interruption of BCR signaling by tyrosine-protein kinase SYK, phosphatidylinositol 3-kinase or tyrosine-protein kinase BTK inhibitors, has substantial anti-tumor activity in a number of B-cell malignancies. Although glutathione serves important roles in a number of biological functions, including antioxidant defense, nutrient metabolism and the regulation of cellular events, deregulation of its synthesis is recognized to contribute to pathogenesis. In addition, increased glutathione levels are exhibited in a number of tumors and have been demonstrated to confer tumor resistance ([@b29-mmr-17-02-2177]). The results of the present study indicated that these cellular pathways and associated DEGs may serve an important role in the occurrence of malignancy in patients with BLEL.

The downregulated DEGs included a set of genes \[collagen type IV α 3 chain (COL4A3), Wnt family member 3 (Wnt^−3^), lysophosphatidic acid receptor, BCL2 associated X apoptosis regulator (BAX), apoptosis regulator BCL2 (BCL2) phospholipase C γ 2, RAS guanyl releasing protein 2 (RASGRP2), Wnt^−6^ and TNF receptor associated factor 5\] associated with pathways in cancer. COL4A3 is located on human chromosome 2q 36-q37 ([@b30-mmr-17-02-2177]) and has a protein distribution limited to the basement membrane with tissue specificity. COL4A3 expression is correlated with pathogenesis in gastric cancer and its high expression is correlated with a poor prognosis in lung cancer ([@b31-mmr-17-02-2177],[@b32-mmr-17-02-2177]). The Wnt^−3^/6 genes encode secreted signaling proteins, and have been implicated in oncogenesis and the regulation of cell fate. Studies of Wnt^−3^/6 expression suggested that they may serve an important role in carcinogenesis and their overexpression may be associated with the development of more aggressive tumors ([@b33-mmr-17-02-2177],[@b34-mmr-17-02-2177]). BAX and BCL2 are important regulators of cancer cell survival. The protein encoded by BCL2 is an anti-apoptotic protein; its overexpression is correlated with tumor initiation, drug resistance and a poor outcome in patients with cancer ([@b35-mmr-17-02-2177],[@b36-mmr-17-02-2177]). Although BAX is associated with apoptosis in a number of cell types, its heterodimerization with the anti-apoptotic protein BCL2 has been reported to suppress apoptosis ([@b37-mmr-17-02-2177]) and to be correlated with poor clinical outcomes ([@b38-mmr-17-02-2177]). RASGRP2 is a guanyl nucleotide exchange factor which, when malfunctioning, may contribute to blood malignancies. It increases cell viability and cell matrix adhesion via increased GTPase HRas expression and telomeric repeat-binding factor 2-interacting protein 1 activation ([@b39-mmr-17-02-2177]).

The comparison of the expression of the DEGs implicated in the pathways of cancer with the expression in a control group composed of cavernous hemangioma samples demonstrated no differential expression between the control group and the BLEL group; however, their expression was increased in the tissues of the malignant group, suggesting that they may be considered to be prediction tool for the occurrence of malignancy in BLEL.

In conclusion, in the present study, a set of genes and pathways were analyzed which may be useful for an improved understanding of the molecular mechanisms underlying the occurrence of malignancy in BLEL; however, further investigation is required to confirm their exact roles in this process. In addition, the potential use of certain of the identified DEGs as a predictive tool of malignant transformation is suggested.
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###### 

Top enriched biological processes for downregulated differential expressed genes in protein-protein interactions.

  Term                                                                            Count   P-value        FDR
  ------------------------------------------------------------------------------- ------- -------------- -------------
  GO:0007165-signal transduction                                                  47      6.99×10^−11^   1.62×10^−7^
  GO:0048583-regulation of response to stimulus                                   37      6.42×10^−10^   7.44×10^−7^
  GO:0007154-cell communication                                                   47      1.61×10^−9^    7.45×10^−7^
  GO:0044700-single organism signaling                                            47      1.04×10^−9^    8.00×10^−7^
  GO:0023052-signaling                                                            47      1.43×10^−9^    8.26×10^−7^
  GO:0050853-B cell receptor signaling pathway                                      8     2.77×10^−9^    1.07×10^−6^
  GO:0051716-cellular response to stimulus                                        49      4.89×10^−9^    1.62×10^−6^
  GO:0050896-response to stimulus                                                 53      1.31×10^−8^    3.38×10^−6^
  GO:0002376-immune system process                                                29      1.24×10^−8^    3.61×10^−6^
  GO:0042113-B cell activation                                                    11      1.71×10^−8^    3.97×10^−6^
  GO:0006955-immune response                                                      22      4.83×10^−8^    9.32×10^−6^
  GO:0002429-immune response-activating cell surface receptor signaling pathway   12      4.43×10^−8^    9.32×10^−6^
  GO:0001775-cell activation                                                      17      1.18×10^−7^    1.83×10^−5^
  GO:0002757-immune response-activating signal transduction                       13      1.27×10^−7^    1.84×10^−5^
  GO:0050851-antigen receptor-mediated signaling pathway                          10      1.36×10^−7^    1.85×10^−5^
  GO:0002768-immune response-regulating cell surface receptor signaling pathway   12      1.08×10^−7^    1.92×10^−5^
  GO:0002682-regulation of immune system process                                  21      1.16×10^−7^    1.92×10^−5^
  GO:0030183-B cell differentiation                                                 8     1.58×10^−7^    1.93×10^−5^
  GO:0010646-regulation of cell communication                                     30      1.66×10^−7^    1.93×10^−5^

DEG, differentially expressed Genes; FDR, false discovery rate; GO, gene ontology.

###### 

Top enriched biological processes for upregulated differentially expressed genes in the protein-protein interaction network.

  Term                                                   Count   P-value        FDR
  ------------------------------------------------------ ------- -------------- -------------
  GO:0006928-movement of cell or subcellular component     49    1.51×10^−12^   2.06×10^−9^
  GO:0051270-regulation of cellular component movement     33    1.19×10^−12^   2.43×10^−9^
  GO:0040012-regulation of locomotion                      32    2.62×10^−12^   2.68×10^−9^
  GO:0044699-single-organism process                     150     9.74×10^−13^   3.98×10^−9^
  GO:2000145-regulation of cell motility                   31    5.04×10^−12^   4.12×10^−9^
  GO:0048870-cell motility                                 41    6.94×10^−12^   4.73×10^−9^
  GO:0051674-localization of cell                          41    6.94×10^−12^   4.73×10^−9^
  GO:0040011-locomotion                                    43    3.41×10^−11^   1.74×10^−8^
  GO:0044763-single-organism cellular process            143     3.24×10^−11^   1.89×10^−8^
  GO:0022610-biological adhesion                           45    6.99×10^−11^   3.17×10^−8^
  GO:0030334-regulation of cell migration                  28    1.47×10^−10^   6.01×10^−8^
  GO:0007155-cell adhesion                                 44    2.31×10^−10^   8.57×10^−8^
  GO:0032879-regulation of localization                    54    7.18×10^−10^   2.44×10^−7^
  GO:0016477-cell migration                                35    1.26×10^−9^    3.95×10^−7^
  GO:0050896-response to stimulus                        113     2.02×10^−9^    5.89×10^−7^
  GO:0048518-positive regulation of biological process     84    2.31×10^−9^    6.30×10^−7^
  GO:0070887-cellular response to chemical stimulus        55    2.82×10^−9^    7.21×10^−7^
  GO:0048513-animal organ development                      59    2.46×10^−8^    5.59×10^−6^
  GO:0048732-gland development                             20    2.37×10^−8^    5.70×10^−6^

DEG, differentially expressed genes; FDR, false discovery rate; GO, gene ontology.

###### 

Enriched Kyoto Encyclopedia of Genes and Genomes pathways for up- and downregulated DEGs in the protein-protein interaction network.

  Term                                            Count   Genes                                                            P-value        FDR
  ----------------------------------------------- ------- ---------------------------------------------------------------- -------------- -------------
  Downregulated DEG                                                                                                                       
    hsa04662: B cell receptor signaling pathway   10      CD19, FCGR2B, LYN, PLCG2, CD22, CD79B, INPP5D, VAV2, BLNK, SYK   3.84×10^−10^   3.84×10^−8^
    hsa04064: NF-κB signaling pathway               6     LYN, BCL2, PLCG2, TRAF5, BLNK, SYK                               2.32×10^−4^    7.69×10^−3^
    hsa04666: Fc γR-mediated phagocytosis           6     FCGR2B, LYN, PLCG2, INPP5D, VAV2, SYK                            1.96×10^−4^    9.77×10^−3^
    hsa04664: Fc ε RI signaling pathway             5     LYN, PLCG2, INPP5D, VAV2, SYK                                    9.43×10^−4^    2.33×10^−2^
    hsa05169: Epstein-Barr virus infection          7     CD19, LYN, BCL2, PLCG2, ENTPD1, TRAF5, SYK                       1.33×10^−3^    2.63×10^−2^
    hsa05200: Pathways in cancer                    9     COL4A3, WNT3, LPAR5, BAX, BCL2, PLCG2, RASGRP2, WNT6, TRAF5      3.43×10^−3^    4.79×10^−2^
  Upregulated DEG                                                                                                                         
    hsa00480: Glutathione metabolism                7     GGT6, GSTA4, RRM2, GPX3, ANPEP, GSTO2, MGST1                     1.36×10^−4^    2.31×10^−2^
    hsa04970: Salivary secretion                    8     CD38, ATP1B1, CHRM3, SLC12A2, AQP5, LYZ, TRPV6, PLCB1            3.86×10^−4^    3.27×10^−2^
    hsa04978: Mineral absorption                    6     SLC11A2, TF, ATP1B1, SLC5A1, TRPV6, SLC40A1                      7.30×10^−4^    4.1×10^−2^

DEG, differentially expressed gene; FDR, false discovery rate; CD, cluster of differentiation; FCGR2B, Fc fragment of IgG receptor IIb; LYN, LYN proto-oncogene Src family tyrosine kinase; PLCG2, phospholipase C γ 2; INPP5D, inositol polyphosphate^−5^-phosphatase D; VAV2, vav guanine nucleotide exchange factor 2; BLNK, B-cell linker; SYK, spleen associated tyrosine kinase; BCL2, BCL2 apoptosis regulator; ENTPD1, ectonucleoside triphosphate diphosphohydrolase 1; TRAF5, TNF receptor associated factor 5; COL4A3, collagen type IV α 3 chain; LPAR5, lysophosphatidic acid receptor 5; BAX, BCL2 associated X apoptosis regulator; RASGRP2, RAS guanyl releasing protein 2; GGT6, γ-glutamyltransferase 6; GSTA4, glutathione S-transferase α 4; RRM2, ribonucleotide reductase regulatory subunit M2; GPX3, glutathione peroxidase 3; ANPEP, alanyl aminopeptidase; GSTO2, glutathione S-transferase ο 2; MGST1, microsomal glutathione S-transferase 1; ATP1B1, ATPase Na+/K+ transporting subunit β 1; CHRM3, cholinergic receptor muscarinic 3; SLC12A2, solute carrier family 12 member 2; AQP5, aquaporin 5; LYZ, lysozyme; TRPV6, transient receptor potential cation channel subfamily V member 6; PLCB1, phospholipase C β 1; SLC11A2, solute carrier family 11 member 2; TF, transferrin; SLC5A1, solute carrier family 5 member 1; SLC40A1, solute carrier family 40 member 1.
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